INTRODUCTION
Biomass production on land is seen as an opportunity to provide non-fossil fuel energy feedstock. In 2002, the UK produced 3% of its energy from renewable sources, including biomass; the government intends this to increase to 10% by 2010, and aspires to double this to 20% by 2020 (DTI 2003) . The Netherlands aims to achieve 10% sustainable energy in 2020 (385 petajoule); 25 petajoule has to come from biomass production (Novem 2002) . Biomass production has been extensively studied (DTI 1998) and is taking place at a number of sites in the UK and elsewhere. Short rotation coppice (SRC), is a development of the traditional method of woodland management and provides a convenient and renewable source of biomass.
Fast growing species of willow and poplar are grown and harvested (by coppicing) on a regular cycle to produce useable wood biomass for a range of applications, including bioenergy. The tree is cut back to just above ground level after the first year of growth, causing many new shoots to develop. Harvesting involves the cutting and removal of these shoots at regular (normally 2-5 year) intervals.
A limited amount of biomass production is already taking place on derelict land in the UK. Frequently the materials, at the surface of the sites where the biomass crops are to be planted, offer poor conditions for sustained growth, such surface materials tend to have a poor ability to provide adequate levels of plant nutrients, poor physical properties and low pH. Typically sewage sludge is used as a soil-forming material prior to planting, and liquid sludge may be added as a source of water and nutrients during cultivation. 1 Initial hopes of a contaminated land risk management benefit from biomass production on contaminated sites were centred on the accumulation of contaminants within biomass, with removal of contaminants taking place at harvest. However, it is by no means certain that any such metal removal would be complete, nor how long such removal might take. It is also possible that the environmental 'costs' of using metal loaded biomass (e.g. as a fuel) outweigh the environmental advantages of the partial removal of metals from the contaminated site (Bardos et al. 2001) .
The greatest potential risk management benefit of biomass production on large contaminated sites is likely to be the containment of contaminant spread, and the longer term phyto-stabilisation of both organic and inorganic contaminants (i.e. pathway interruption). Therefore, biomass crops should be selected that exclude rather than accumulate contaminants to avoid the spread of contamination and facilitate the unhindered use of harvested biomass materials.
In many areas in Europe, large areas of land around former centres of the mining industry have been left essentially undeveloped, following the demise of that industry in each particular area. Efforts have been made to facilitate regeneration of economic activity, and also to provide some improvement of the landscape. In the UK, many areas of mining dereliction (former mining areas) have received limited landscaping works and have been grassed over. Responsibility for long-term maintenance of such sites tends to fall on the local authorities and poses an economic burden in areas where incomes are already low. However, the use of biomass production as a remediation technique, particularly in tandem with green waste recycling, has the potential to provide a more sustainable land management approach in economic terms, provide a greater impetus to local communities and support a long-term solution to the environmental problems posed by the former use of the land, and also local organic waste management. Social and economic benefits in a well managed project of this nature can include:
• engendering wider community involvement and ownership from planning through to implementation, leading to greater sustainability of the site; • developing local training and job creation opportunities in new 'green-collar' industries; • supporting inward investment of environmental technology businesses; • encouraging wider academic involvement that will monitor the site and assess the success of its various elements, thus validating the results and providing wider dissemination, as well as providing an excellent learning opportunity for a wide range of students, from biochemists to social scientists; • developing sites for local amenity use and 'green tourism' potential; • developing a programme of actions that seeks to protect any important existing site ecology and widen the biodiversity of the site by encouraging the development of habitats that are suitable for the introduction or attraction of rare flora and fauna.
This paper reviews the use of biomass on marginal land, and introduces a major UK initiative, Markham Willows, which is perhaps the first project that is specifically being planned to maximise the social and economic as well as the environmental benefits of biomass production on marginal land, along with a case study of SRC use for sediment treatment.
Biomass production on marginal land offers a system by which income is generated from contaminated land without the need for a restoration period where the land is not in use. This has a beneficial effect on the economics, and in particular cash flow, thus making the economics of both the restoration and the development of a commercial crop highly favourable. In the Netherlands, SRC is also seen as an opportunity for the reuse and remediation of sediments which are a major 'waste' arising by volume there. In the Netherlands large amounts of sediments are collected from dredging inland waterways and harbours. Often these sediments are polluted and remediation approaches such as land-farming can be very time consuming (Harmsen et al. 1997) . Long treatment times imply a requirement for large treatment areas over a long period Sims and Harmsen 2001) . These treatment areas can be put to productive use if SRC is included in the sediment management regime (Breteler et al. 2001) .
THE USE OF SHORT ROTATION COPPICE IN CONTAMINATED LAND RISK MANAGEMENT
Risk assessment provides an objective, technical evaluation of the likelihood of unacceptable impacts to human health and the environment. Considerations of risk are also used to decide which problems need to be dealt with most urgently. This process of decision making and its consequent actions are called risk management and form the basis of contaminated land policy in most countries (Ferguson et al. 1998; Ferguson and Kasamas 1999) .
Phytoremediation is the direct use of living green plants for in situ risk management of contaminated soil, sludges, sediments and groundwater, through contaminant removal, degradation, or containment. An added advantage of phytoremediation is that it re-establishes a vegetative cover at sites where natural vegetation is lacking due to high metal concentrations in surface soils or physical disturbances in superficial materials. Metal-tolerant species can be used to restore vegetation to sites, thereby decreasing the potential migration of contamination through wind erosion, transport of exposed surface soils and leaching of soil contamination to groundwater (US EPA 1999 .
Plants may affect or effect remediation in a number of ways, including:
• encouraging degradation activity by commensal organisms (e.g. pseudomonads) and symbiotic organisms (e.g. mycorrhizal fungi, rhizobia), encouraging activity of parasitic/pathogenic organisms (e.g. rot fungi), or by directly affecting the soil environment for microorganisms in their immediate vicinity (e.g. changing pH, redox, pCO 2 , nutrient availability); • maintaining a good and improving aerobic structure, necessary for biodegradation of organic contaminants; • the sorption and/or possible translocation of contaminants (e.g. accumulation of metals, or, for organic compounds, their metabolism or release to the atmosphere); • the mobilisation/immobilisation of contaminants (e.g. via production of organic ligands for heavy metals, changing pH, redox potential, etc. at soil surfaces): -by containing contamination by breaking pathways, for example preventing the ingress of water and preventing direct contact, particularly as soil horizons develop; -evapo-transpiration reducing or even preventing leaching of water.
There are several possibilities for positive effects on in situ biodegradation by plants (Anderson and Coats 1994) :
• optimising conditions for bio-degradation by indigenous soil microorganisms; • providing stable habitats for introduced organisms or consortia with specific decontamination activities, where they may be preserved from competition with or predation by indigenous organisms, protected from deleterious environmental factors and supplied with nutrients, water and oxygen.
Plants may accumulate heavy metals from soils and water. The extent of this accumulation depends on the plant species, and soil and contaminant type. For many plant species this accumulation process is passive. The removal of heavy metals from soils in agricultural crops will gradually reduce soil heavy metal levels in the absence of fresh inputs. However, for some plants accumulation of metals appears to be an active process possibly related to a tolerance mechanism for their survival on contaminated sites and these plants are referred to as 'hyper accumulators' to distinguish the nature of their metal accumulation from the passive accumulation that is general for plants and typically does not lead to such high leaf concentrations of metals (Baker et al. 1994; Baker and Brooks 1989; Japenga 1999) . SRC species are typically not hyper accumulators, although some clones may have higher metal uptakes than others. There has been much recent research into the ability of SRC species to take up heavy metals, and thus decontaminate land affected by elevated concentrations of these contaminants (e.g. Riddell-Black 1994; Riddell-Black et al. 1997; Punshon and Dickinson 1997) . Most has focused on various clones of Salix spp (willow). It is clear that there is considerable variation in the ability of these clones to take up metals, and in the metal species which exhibit most movement into the plant. For example, cadmium and zinc seem to be taken up more than lead, nickel and chromium (Labreque et al. 1994; Riddell-Black 1994; Östmann 1994; Riddell-Black et al. 1997) . In addition, different metals show different behaviours with respect to their zones of accumulation, whether in roots or shoots. In practice, while some attempts have been made to demonstrate the use of SRC for heavy metal removal from contaminated ground, the approach is in reality an emerging concept so far as technical implementation is concerned (Bardos et al. 2001) , and the technique is open to question on sustainability and risk management grounds as well as practicability.
Risk management would need to consider both the effects of the remedial process and the long-term management of risks posed by the condition of the site, e.g.:
• preparation of the site for its conversion to SRC; • working on site in the SRC plantation; • uptake of contaminants into the wood product and their eventual destination; • contaminants in the ground: the fibrous and shallow rooting habit of SRC limits its ability to remediate by accumulation; • use of the site for amenity, considering the effects of risks to children who are more vulnerable than adults, have a lower awareness of hazards, and are higher risk-takers.
Regulators are likely to have practical concerns, such as which contaminants are likely to be mobilised by the short rotation coppice and what would be their fate. The presence of some heavy metals in the biomass may reduce the range of its available end-uses. For example, the presence of volatile mercury or cadmium would require strict emissions control for combustion processes to avoid potential atmospheric pollution by contaminated particulate matter. In addition, the fly ash (ash collected from the flue gases) may be contaminated and would be subject to controls on its disposal. Additional controls or restrictions may be required to protect the environment from contamination by incinerator ash (ash collected in the combustion unit, also known as bottom ash) with a high non-volatile metal content (handling and disposal controls required) or dispersal of fly ash (controls on emissions to the atmosphere required). It could be argued that if the incinerator ash is recycled to the SRC site as potash, there is no net change in the site's heavy metal content so that the site is stabilised rather than remediated -under this scenario there would be no concerns over off-site disposal to licensed landfill. However, this does not comply with best practice in contaminated site management since deposition of ash containing heavy metals does not remove identified risk, nor does it have an environmental benefit. In addition, it could be viewed as a redeposition of waste by the regulatory bodies. It is unlikely that this would be considered best practice by the regulator, and may cause the site to come under landfill controls.
Plants may accumulate organic compounds through the root system or via foliar uptake (Ryan et al. 1988; Paterson et al. 1990 ). This accumulation varies greatly depending on plant species and contaminant and soil type. In general, the more hydrophobic a contaminant, the more likely it is to remain sorbed to roots (bound to cellular lipids) or soil organic matter. More soluble compounds may be translocated to the leaves, and in some cases these compounds may be degraded by the plant or lost from the leaves by volatilisation. The ability of SRC species to stabilise land affected by organic contaminants is being researched. The greatest success has been with hybrid poplars, which demonstrate uptake and degradation of organic pollutants such as trichloroethylene (TCE) or dioxane from contaminated sites (Schnoor et al. 1995; Aitchison et al. 1997; Sytsma et al. 1997) .
Phytostabilisation is the use of certain plant species to immobilise contaminants in the soil and groundwater through absorption and accumulation by roots, adsorption onto roots, or precipitation within the root zone. It also can describe a broader approach to using the growth of plants to break pollutant linkages, for example by plant effects on soil water management, or prevention of dust blows. These processes reduce the mobility of contamination and prevent migration to the groundwater or air, and reduce contaminant availability to the food chain. It has been known for many years that organic material in soils can complex heavy metals, reducing their availability to plants and other organisms (see section 6, below).
The revegetation of contaminated sites, for example for biomass production, may have further beneficial effects in limiting the migration of contaminants from the contaminated area and limiting their availability through immobilisation in roots systems and added or newly generated soil organic matter. Successful revegetation may also enhance soil microbial activity, in turn enhancing processes of in situ biodegradation for some contaminants. The addition of organic matter, such as waste derived compost, to soils may also promote both microbial biodegradation of contaminants and the fixation of some contaminants such as PAHs, into humic materials (Kraatz et al. 1993; Lotter et al. 1993; Mahro and Kaestner 1993) . Soil organic matter also appears to be important in promoting abiotic processes of contaminant degradation for some organic compounds and in co-metabolic degradations of organic compounds (Dragun 1988; West 1994) , and also strongly sorbs heavy metals (Sposito 1989) .
While the fibrous and shallow rooting habit of SRC limits its ability to remediate by accumulation, it is potentially an enormous asset for remediation of contaminated land by containment and stabilisation. The Markham Willows project in the UK (described below) is examining an approach of combining SRC cultivation with organic matter applications to generate a new soil horizon over mine spoil. Its working premise for risk management is that the expanding soil horizon would gradually move the rooting zone away from the old mine spoil, and the organic matter content of the lower layers of the new soil would help stabilise pH and eH, as well as sorb any upwardly migrating contamination. In this scenario, risk management is effected by interrupting pathways rather than removing the source term. The SRC would also quickly prevent direct contact on site or from dust blow, and also provide physical stabilisation for the site.
SRC FOR LAND REMEDIATION

Types of SRC species
There is a range of tree species and clones suitable for SRC production. Extensive research has been carried out to screen species and clones for different site conditions, such as nutrient and water availability, and other environmental factors, such as disease suppression. The selection of clones to plant on a contaminated site should take account of the following factors:
• Site characteristics -A comprehensive site investigation should always be undertaken to reveal the nature of the substrate, i.e. soil chemistry, nutrient content, hydrology of the area, the type and extent of metal loading. Clonal selection should always be based on suitability for site conditions. • Yield -It is commercially important to plant clones that will maximise yields (Tabbush and Parfitt 1999), to maximise the potential for income generation and hence resources for site management.
• Mixing clones -The planting of monoclonal plots of SRC is considered unwise owing to the possible spread of certain species-specific diseases, such as rust. By planting a genetically diverse mix, the risk of the spread of disease in a large scale coppice is minimised (Tabbush and Parfitt 1999).
• Metal uptake -Different clones take up different metals at different rates from the substrate. Some clones accumulate metals with considerable detriment to their yield, whereas other clones are more tolerant of contamination (Riddell-Black et al. 1997 ).
• Harvesting -Mechanical harvesting must be possible, which limits the shape of the clone.
The yield of biomass from SRC depends on environmental and climatic conditions throughout the growing season. When biomass is grown on contaminated or restored land the situation is complex, so yield calculations can vary widely. Careful management based on a sound site appraisal can produce commercially viable yields. For example, SRC on ex-agricultural land can produce as much as 17 odt per ha. 1 Even a crop on a well reclaimed site can produce 10 odt per ha or more (Birse, British Biogen, personal communication) if well managed. On contaminated sites yields can be limited by contamination, such as heavy metals, pyrites or organic compounds; however, treatment by the addition of organic matter and selection of clones tolerant to the type of contamination present may overcome problems arising from contamination.
Site preparation
Site preparation begins with site investigation work both to assess the risk management needs of the site (Armstrong 1999 ) and the cultivation requirements of the SRC crop. Site preparation is the single most important factor in establishing a good SRC crop (Anon. 1996) . Levels of preparation will vary considerably depending on the nature and condition of the site, so that some sites (for example, a site with a compacted soil, or with very low pH soil) will require more intensive preparation methods than others.
Critical factors for SRC establishment are:
• topography/site condition;
• soil condition;
• soil depth; • acidity;
• nutrient status;
• SRC layout.
Topography/site condition Landforming, i.e. altering the sub-surface structure and shape of the land, should be considered -not only to allow minimum standards for vegetation growth, but also from safety and landscaping aspects (Forestry Commission 1995) . For example, if the site has been used for mineral extraction, then radical re-shaping of the site will usually be required to ensure that any physical dangers are removed, so that it is suitable for SRC growing, and to improve the visual appearance of the site. Restoration conditions may be attached to planning permission for change of use to ensure that this happens. If the site is being landformed by the mineral operator, then the operator will be responsible for funding the restoration -early consultation with the operator is advised to ensure that the site is returned to a landform suitable for SRC production. Flatter ground is preferable for harvesting operations, but some slope is acceptable so long as it does not exceed safe working limits for farm machinery or cause excessive pooling in wetter conditions. Adequate planning of topography is also essential, particularly when slopes are an issue and so there exists potential for physical soil erosion. The roots of SRC can bind unstable soils together which can be advantageous for the management of slopes.
Soil conditioning
Physical improvement to reduce compaction and the incorporation of organic matter into the site where required are important factors in achieving a commercially adequate yield. A typical SRC crop will remain in production for 16-25 years, and good soil condition is critical to the establishment and continued productivity of the crop during this period. Minimum soil requirements for planting trees on restored land and ideal conditions for SRC establishment are well-documented (Moffat and McNeill 1994; Armstrong 1999) . Key criteria are summarised in Table 1 . The ideal conditions required for SRC are medium textured soils, 100 cm depth (except perhaps in the wetter west of the UK, where 50 cm may be acceptable). Sites should not be permanently waterlogged, as har-vesting operations are usually carried out in winter and waterlogged sites will make plant movement difficult, as well as damaging the soil.
Rootable depth
Thirty centimetres of rootable material is usually sufficient for horizontal root development for willow SRC, although research has shown that mature SRC plantations can root down to 100 cm depth. If the tillable depth does not already meet these conditions then cultivation using a 360 degree excavator should be considered, not only to allow sufficient root penetration, but also to facilitate stone removal, and allow the incorporation of organic matter.
Acidity
Ideal conditions for SRC growth are pHs in the range 5.5-7.5, although 3.5-8.5 should be regarded as the maximum tolerable limits (Armstrong 1999) . Pyrites can be problem on sites such as colliery spoil tips. Oxidation of pyrites causes an increase in acidity which can be toxic to vegetation. The recommended maximum tolerable level of pyrite in soil is 0.5% (Moffat and McNeill 1994) . Lime may be added to neutralise acidity, but this is expensive and difficult to apply; the precise quantities of lime used must be calculated carefully to avoid imbalances of other essential minerals in the spoil which might restrict tree growth. For example, for each 1% of pyrite in a thickness of 15 cm of spoil, 40 tonnes of limestone per hectare are required to neutralise the potential acidity (Costigan et al. 1981) . If the trees are expected to root to a depth of 100 cm, this means applying over 250 tonnes per hectare for each 1% of pyrite.
Nutrient status SRC requires water and light to survive. In all cases one of these major factors is the limit on either presence or rate of growth. Table 2 below summaries removal rates of a range of nutrients by SRC. These will be drawn from 'soil reserves' or from additions of materials that contain these substances.
If the fertiliser input to the soil is less than the rate of removal, then the soil will become drained of reserves and vice versa. Sub optimal nutrient levels can be compensated for by the plant in the early stages of its life cycle, but, in general, after first true harvest (typically after four years), if no additional nutrient input is made, then the SRC crop will show reduced growth rates and eventually fail. Table 2 also highlights the value of applying the nutrient in organic form.
Layout SRC planning needs to reflect the cultivation, planting, management and harvesting requirements of the crop. In essence, machinery is at its most vulnerable when turning across slopes and so, wherever possible, the safest operation is by travelling directly up and down the slope, thus avoiding potential slippage and overturning. From a commercial harvesting point of view there need to be suitable breaks in the crop to allow full trailers to exit and empty ones to join without the need to travel along the rows for a great distance (thus creating compaction) or having to drive across harvested 
Soil property Requirements
Bulk density < 1.5 g cm -3 to at least 50 cm depth < 1.7 g cm -3 to 100 cm depth Stoniness <40% by volume; few stones greater than 100 mm pH 3.5 to 8.5
Electrical conductivity <2000 µS cm -1 (1:1 vol/vol soil:water suspension)
Iron pyrite content <0.5%
Heavy metal concentration As set out in site risk management plans
Organic contaminants As set out in site risk management plans 
Cultivation
Cultivation is required to create a suitable medium for the SRC crop to establish and grow. For the crop to reach full potential, it requires an open deep tilled soil structure. This is achieved by operating under dry soil/ land conditions. This may conflict in the short term with the requirement to stabilise unstable slopes. Then it is preferable to carry out the operation but to do so immediately prior to planting in order to minimise the time during which the soil is unsupported and thus at risk of erosion or slippage. Seedbed preparation also offers an opportunity to apply and incorporate any additional materials such as green waste/compost and biosolids. By incorporating these materials to a depth of around 200 mm, a suitable growing medium can be created. This technique has been demonstrated successfully in restoring sand and gravel quarries and on colliery shale where the base soil is inherently deficient in nutrient and water holding capacity. Planting of SRC is a mechanical operation. A modern 'step' type planter is capable of planting 6-8 ha per day. This requires a weed and debris free seedbed, with at least 200 vertical millimetres of passable material in order to vertically plant the cutting. Further additions of organic matter are possible during early crop growth and immediately after harvesting, allowing more organic material to be recycled and helping build the topsoil layer.
SRC harvesting
Harvesting requires the use of large agricultural machinery (see Figures 3 and 4) . Slope and stability are the major factors on sites such as colliery spoil, while on sand and gravel quarries, the emphasis is on the soil's ability to support machinery (aided by the root network) and the drainage of surface waters. Commercial machinery for harvesting has to have the ability to cut and chip 'trees' that are 9 m tall with a stem base of 50 mm at a rate of some 60 tonnes per hour. On wet sites the best way of ensuring that the crop is harvested in conditions that do not detrimentally affect the root structure (and so future growth) is to harvest during the summer months when the sites are at their driest.
In general, there will need to be an area for crop storage on site. It is essential that this area is dry, level and of hard base material to allow access for vehicles to Figure 4 shows chips stored on a mound of reclaimed pulverised fly ash covered by short grasses. Harvested fuel can be stored for over six months in outdoor clamps such as that shown in Figure  4 .
SRC use
The wood crop produced from the SRC is normally air dried or if necessary mechanically dried. The wood is chipped to make it convenient for transport and handling. The value of the fuel is quite low, perhaps about £25 per tonne (dry weight) and it is bulky so it makes economic sense to minimise the distance that is transported. Using the fuel locally to the SRC production area in clusters of boilers enables fuel to be supplied economically and boilers to be bulk purchased and managed.
For example, the fuel produced may be used in community or local authority based schemes using smallscale energy clusters or in purpose built energy parks. These will create the greatest additional benefit in social terms and can be targeted at areas that are in need of regeneration following the closure of traditional Another potential market is co-firing with coal in large power stations. The wood chips can be pelletised which improves material handling characteristics and bulk density, so reducing transport costs. However, pelletisation requires significant production energy and so raises the fuel cost. There are also the higher technology systems of gasification and pyrolysis that may offer future opportunities for electrical and heat based energy generation.
SRC IN A SOCIAL CONTEXT
SRC fits conveniently into that category of subjects that can be generically termed 'environmental'. This is very useful because it provides an automatic link to the subliminal, almost visceral, relationship that people have with nature.
Local communities who have found that the landscapes on their doorsteps can be places in which to play, take exercise or simply enjoy nature have quietly sequestrated many a tract of abandoned post-industrial land. It should be quite possible to harness this community affinity for green spaces with projects such as those involving SRC.
Environmental projects can provide society with more than just facilities for leisure and recreation. There are many positive socio-economic benefits to be found in this area. In most modern societies, employment is cyclical. The change between phases presents different challenges. When the level of unemployment is low, environmental projects can be a useful means of targeting the disadvantaged and long-term unemployed. When unemployment is high and the 'market' is unable to deal with the redundant labour resource, then socio-environmental projects can help to take up some of the slack, providing hope and some form of income for those vulnerable members of society who are less well able to compete for scarce jobs.
Today, the larger problem of unemployment has, for the time being, been resolved. What we now need to concentrate on are those members of society who are lodged in circumstances that reduce their employability. The people in need of most help often live in areas suffering high rates of depravation. They are trapped in circumstances that disrupt their education, which further reduces their chances of employment. Locked in to a poverty and educational trap, they become disillusioned and disaffected. It is at this point that special assistance is required and the use of socially orientated ventures can be of use in this endeavour. The value of these schemes is that they provide controlled surroundings within which people can be helped back into longterm employment. Intermediate labour market (ILM), social enterprise or transitional employment schemes can tap in to the rich resource offered by the environment. Basing an ILM scheme on the use of SRC is particularly interesting because it offers significant additional benefits beyond helping people back into work.
The first strength to recognise about a social enterprise is that it is locally based. This means that there is a high degree of ownership by local partnerships and communities.
There is a natural symbiosis between post-industrial land and people. Simply speaking, the resources occurring at a particular location led to the development of industry and populations grew as a result of the available work. Global trends and a change in the economic uses of land have often left large amounts contaminated land in close proximity to people. In many instances, for complex related reasons (Barton 2000) , these areas are also those that suffer the highest rates of social and environmental damage and depravation. This provides an excellent opportunity for an SRC-based ILM to strike at many problems simultaneously.
An ILM based on SRC offers many associated benefits. Not all are directly related to helping people into full-time employment. Some would help to deliver sustainable outcomes and outputs. The recycling of green wastes as a source of nutrients, the recycling of contaminated land, and the provision of renewable energy are all examples of how to support the delivering of inter-generational equity through SRC. However, the need for these projects to maintain their benefits into the future is also important. This is especially true of schemes that involve producing changes to the landscape -changes that are likely to develop and mature over decades.
The effort to clear away post-industrial dereliction has led to many projects where the outcome was an area of green space. All too often, these schemes have been attended by poorly structured funding for their long-term maintenance. Finding revenue funding for this aspect of stewardship can pose a substantial problem. SRC embedded in a social enterprise may offer a solution. The idea would be to develop a scheme employing local people which would generate income from an SRC to support the entire project in the longterm. The outcomes would cover a wide spectrum of social, economic and environments benefits including:
• providing employment; • assisting neighbourhood renewal; • promoting community health; • providing a recreational/leisure resource;
• assisting with the mitigation of storm water run-off; • dealing with post-industrial land;
• aiding biodiversity and nature conservation; • promoting sustainability; • improving visual amenity;
• playing a part in the reduction of airborne pollution;
• providing an educational resource.
In short, this type of development could contribute to an integrated, functional green infrastructure that transforms derelict, contaminated post-industrial land and provides a legacy for future maintenance.
RECYCLING ORGANIC MATTER
Soil organic matter underpins the key functions of soil for agricultural production:
• sustaining plant growth and an active soil flora and fauna; • allowing the flow of water from the soil surface into the soil; • allowing gaseous exchange between the soil layers and the atmosphere.
If surface materials are low in organic matter it is unlikely that these soil functions will be adequately provided or if they do occur in the short term that they will be sustained.
The simple mixture of low density organic material with the mineral fraction lowers the soil's bulk density, but the significant effects are on the formation and stability of soil aggregates and the associated pore related properties, such as aeration and water flow through soil. The retention and release of water and the ability to provide charged surfaces (variable with pH) where cations may be retained in a form available to plants are vitally important for the production of a good fertile soil.
Enhancing soil organic matter content may also confer a risk management benefit. Additions to soil of composted organic materials have been found to produce significant decreases in amounts of bioavailable lead in contaminated soils (Jones and Jarvis 1981) . It has been known for many years that organic material in soils can complex heavy metals, reducing their availability to plants and other organisms. The bioavailability of inorganic contaminants is thought to decrease over time (Hatzinger and Alexander 1995) . Recent work reported by the US EPA based on this ability of organic matter to complex heavy metals, has shown that additions to soil of composted organic materials produced significant decreases in the amount of bioavailable lead in contaminated soils (the stabilisation of contaminant metals) (Jones and Jarvis 1981) . Soil organic matter is also a sink for many organic contaminants, in particular pesticides and PAHs (Lamar et al. 1990) . PAHs may bind irreversibly to soil humus (Stegmann et al. 1991; Mahro and Kaestner 1993) . Soil organic matter also appears to be important in promoting abiotic processes of contaminant degradation for some organic compounds and in co-metabolic degradations of organic compounds (Dragun 1988; West 1994) , and also strongly sorbs heavy metals (Sposito 1989) . In an active soil system, additions of residues of vegetation and stabilised organic matter are very important to its function and potentially also because organic contaminants are extra strongly adsorbed in this material. (Weber et al. 1992; Xing et al. 1996) Improvement in soil organic matter content is often initiated by the addition of organic materials imported onto site. These materials might include sewage sludge and derived materials; composted wastes, including green wastes; food wastes and other materials, including:
• composted food waste; • green waste compost; • municipal solid waste compost (mixed and source separated); • paper waste compost; • other composted industrial wastes.
The major additions through these materials are carbon and nitrogen, but the amounts added vary considerably depending on the nature of the waste. Table 3 shows C:N ratios for a range of wastes applied to soil. Incorporating wastes with a high C:N ratio will cause nitrogen to be stored in soil biomass. As a rule of thumb, where the N content is more than 1% there will be mineralisation and release of added N; where the N content is less than 1% it is likely soil N will be immobilised. Therefore, adjusting the C:N ratio can help to reduce nitrogen losses resulting from the addition of nitrogen-rich amendments. There are however major differences between organic and inorganic sources of nutrients. In particular, organic sources of nutrients often consist of a substantial pool of relatively slow release materials.
For SRC cultivation on marginal land it may be useful to add more organic matter than is strictly necessary to support SRC cultivation to:
• enhance any risk management benefit from added organic matter; and
• maximise income from any on-site green waste composting operations.
Problems of compost quality for soil improvement include the possible presence of plant and/or animal pathogens, the possibility of their containing toxic substances and/or litter and their content of propagules for weeds. The quality of the organic compost additions must be controlled to ensure that the addition of these materials does not have a contaminating effect on the site.
Typically, control of pathogens is attempted by using some form of processing to treat the organic matter, for example digestion or composting. Where composting is effective, acute problems due to pathogens are unlikely, indeed some benefits of suppression of soil borne pathogens may occur (Bardos and LopezReal 1989) . Dust can be a problem when composted or other stored organic wastes are moved, in particular the possibility of the dust containing allergens (Lacey et al. 1990 ).
Contaminating materials and substances can be a particular concern. While toxic organic substances are unlikely to be a concern for composts from municipal waste and sewage sources Vogtmann and Fricke 1992) , litter 1 and toxic metals may be present at unacceptable levels.
The content of weed seeds and viable root fragments can be a problem for many organic wastes used as amendments. These propagules can persist through digestion processes (e.g. tomato seeds in sewage sludge), but are a particular problem for most current green waste composts that are produced by windrow turning. Weeds may interfere with biomass establishment, but their longer term effect is likely to be limited as they are shaded out by the SRC canopy.
UK CASE STUDY: MARKHAM WILLOWS
In the United Kingdom, there are reputedly over one thousand redundant or abandoned coal mine sites. Most of these sites share common features. They are usually:
• owned by the public sector; • unsuitable in whole or in part for commercial development; • chemically contaminated; • physically unstable; • subject to erosion; • unsightly; • an economic burden on their owners, potentially for generations to come.
Markham Willows is a large project that will take place on the north spoil tip of the former Markham Colliery ( Figure 5 ). The former Markham Colliery and its extensive spoil tips span the Bolsover, Northeast Derbyshire and Chesterfield District Boundaries. The site lies to the East of the M1 Motorway between Junctions 29 and 30.
Markham Willows will initially implement 60 ha of short rotation coppicing and regular organic matter addition as a means of managing the land, providing beneficial reuse of wastes such as green wastes and sewage sludge and stabilising or containing contaminants in the former colliery spoil heap. The intention is that Markham Willows will generate revenue from sales of heat and composting services to provide for the economically sustainable management of the land into the future. Markham Willows also has an important social dimension in the promotion of local regeneration, community enablement and 'green tourism'.
Markham was seen as an opportunity for a holistic approach to biomass-based land management for several reasons:
• the existing derelict nature of much of the site; • strong local authority and regional development agency support and the existence of partners such as Groundwork Creswell who could provide an effective and durable link to local communities; • the ambitious regeneration proposals for the area, including the proposed commercial development initiatives to be served by the nearby M1 Motorway junction 29a and the Markham Employment Growth Zone (MEGZ).
The Markham Willows project not only forms a vital part of the sustainable regeneration of the Markham area, but will also provide a new focus and identity for a major part of the North Derbyshire/North Nottinghamshire coalfields region through its potential 1. Litter refers to particulate contaminants such as glass, plastic, polythene and pieces of metal. These contaminant materials will have potential negative effects on the use of the compost and have considerable negative aesthetic impacts. Where large metal pieces, glass and plastics are incorporated in the composted materials, they may cause damage to machinery used to apply the compost and subsequently cultivate the site and be a hazard to humans and animals.
position as an internationally recognised example of environment-led regeneration.
The project seeks to integrate organic matter reuse, SRC willow growing and phytoremediation works into a coordinated and synergistic range of environmentally focused activities that could in turn promote local community business formation, the development of training opportunities and community involvement of a truly fundamental nature.
In particular, it is considered that the project could provide a wide range of opportunities for social enterprise formation in a range of activities, such as woodland/coppice management, green waste composting, materials recycling linked to the proposed business park (that could in turn support the development of a 'green business park') and woodland enterprises, possibly linked to the green tourism industry.
The 'technical core' objectives of the Markham Willows project will be the regeneration of despoiled, ex-colliery land through the utilisation of biological processes associated with SRC and the concomitant build-up of organic materials to form soils, and by so doing contain and 'fix' contaminants. As part of the core objectives the coppice material is to be utilised as a feedstock fuel for a biomass-energy plant that will power/heat the proposed industrial park.
The partners in the project are Derbyshire County Council, exSite, AEA Technology PLC, r 3 Environmental Technology Limited and Groundwork. Envirosphere has been commissioned by the project partners to work with Groundwork Creswell to support their activities in the project. Funding partners include: shanks first fund, Derbyshire County Council, East Midlands Development Agency and Groundwork.
DUTCH CASE STUDY: OOSTWAARDHOEVE
Oostwaardhoeve is an experimental farm in the north/ west of the Netherlands. Cultivation of willows as biomass for energy production has been studied since 1993. From 1996, this cultivation has been combined with the remediation (landfarming) of polluted sediments. During this treatment the quality of the sediment improves due to biodegradation of PAHs and mineral oil. At the moment, 20 ha are used for the combination cultivation of willows and the bioremediation of sediments. It is the intention to increase the area used to 100 ha.
Work began as a project of the Wageningen research institutes IMAG and Alterra and the contractor De Vries en van de Wiel in Schagen. Initial projects were successful and Oostwaardhoeve is now functioning commercially (in co-operation with IMAG and De Vries en van de Wiel) and combines this with further development of the concept. The activities of Oostwaardhoeve Co. are strictly regulated by Dutch environmental legislation, which requires regular checks on soils, sediments and water, the very careful transport and application of the polluted sediments, and thorough bookkeeping.
The proper application of sediments on a hectare scale requires a thorough macro-filtration of the sediment, so that objects that may be encountered in the sediments removed from the bottom of waterways, such as bicycles, safes, car wheels, etc. are removed before the sediment is transported to the landfarm. Application of sediment in an even layer on the land requires experience and technical skill to tune the pumping equipment to the acceptable variation of quality and quantity of the applied sediment. At this site, it appeared easier to apply sediments to an existing willow crop than to establish a new crop on a layer of fresh sediment ( Figure 6 ). On the other hand, the existing crop presented a barrier towards the even distribution of sediment. On average, approximately 1.0 m of sediment was applied to the land, eventually leaving approximately 0.5 m of matured sediment. With this concept, 10 to 20 years of landfarming are available to clean the sediments to the extent that the remaining material fulfils the requirements for reuse (Breteler et al. 2001) .
The crops are harvested in the winter, during periods when it is possible to drive on the land (dry or frosty conditions). The harvested willow stems are dried completely in the field as shown in Figure 7 , and are not cut. Cut willow is easily composted, which reduces the benefit for energy supply (Gigler 2000) .
CONCLUSIONS
Development of polluted sites is often hampered by the presence of contaminants. These sites can be rapidly returned to an economic use with SRC.
The SRC farming also creates opportunities for the reuse of organic wastes and for managing the risks from derelict or contaminated land in the long term, using a process that effectively pays for itself.
Furthermore, the return of economic activity to the land can be a focus for community regeneration efforts and return a blighted environment to a more appealing condition, supporting local employment and community pride, without local authorities incurring large long-term financial commitments. 
